We have calculated the O(α ew M 
Introduction
The top quark has now been discovered by the CDF and D0 collaborations at the Fermilab Tevatron [1] . Measurements of its mass are 176 ± 9GeV and 170 ± 18 from CDF and D0, respectively, and the world-average value of the top quark mass from Run I at the Tevatron was recently reported to be 175 ± 6GeV , based on roughly 100 pb −1 of data [2] .
At the Tevatron the dominant production mechanism of the top quark is the QCD pair production process→ tt [3] . However, because the top quark is so heavy, electroweak production of single top quarks can become significant, particularly at the next Tevatron Run-II. With √ s = 2 TeV and an integrated luminosity of 2f b −1 one can expect, in the Standard Model(SM), that for a 175GeV top quark, there will be about 1.4 × 10 4 tt pairs and 5 × 10 3 single top events produced [4] , which is about 35% of the total tt rate. After taking into account the b-tagging efficiency and the detection efficiency [5] , there are about 1000 single-b-tagged tt pairs in the l+jets sample, 100 in the dilepton sample, and 250 single top events in the l+jets sample available for testing various properties of the top quark.
Even with fewer events, single top production processes are important because they involve the electroweak interaction and, therefore, can probe the electroweak sector of the theory, in contrast to the QCD pair production mechanism, and provide a consistency check on the measured parameters of the top quark in the QCD pair production. At the Tevatron single top quarks are produced primarily via the W -gluon fusion process [6] and the Drell-Yan type single top process,′ → W * → tb(W * process) [7] , which can reliably be predicted in the SM. The theoretical uncertainty in the cross section is only about a few percent due to QCD corections [8] . As analysed in Ref. [9] , the statistical error in the measured cross section for the W * process at the Tevatron will be about ±30%; however, a high-luminosity
Tevatron would allow a measurement of the cross section with a statistical uncertainty of about 6% [9] . At this level of experimental accuracy a calculation of the radiative corrections in the SM is necessary and effects beyond the SM, for example SUSY corrections, should also be considered.
In Ref. [9] the QCD and Yukawa corrections to the W * process have been calculated in the SM. In a previous paper [10] we calculated the Yukawa corrections to this process from the Higgs sector in the general Two-Higgs-Doublet Model(2HDM) and the Minimal Supersymmetric Model(MSSM) [11] and found that the corrections can amount to more than a 15% reduction in the production cross section relative to the tree leve result in the 2HDM, and a 10% enhancement in the MSSM. However, in the MSSM, in addition to these Yukawa corrections from the Higgs sector, the Supersymmetric (SUSY) corrections due to super particles (sparticles) should also be taken into account. 
Calculations

Formalism
In our calculations we used dimensional regularization to control all the ultraviolet divergences in the virtual loop corrections and we adopted the on-mass-shell renormalization scheme [14] . Including the O(α ew M 2 t /M 2 W ) electroweak corrections, the renormalized amplitude for′ → tb can be written as
where M 0 is the tree-level matrix element and δM SU SY −EW represents the SUSY electroweak corrections. The tree-level Feynman diagram for single top quark production via′ → tb is shown in Fig.1(a) . The amplitude M 0 is given by
The amplitude δM SU SY −EW is given in the following section. Here p 1 and p 2 denote the momentum of the incoming quarks q andq ′ , while p 3 and p 4 are used for the outgoing t and b quarks, andŝ is the center-of-mass energy of the subprocess.
The renormalized differential cross section for the subprocess is
where θ is the angle between the top quark and incoming quark. Integrating this differential cross section over cos θ one obtains the cross section for subprocesŝ
where the tree-level cross sectionσ 0 is given bŷ
and ∆σ represents the SUSY electroweak corrections.
The total hadronic cross section for the single production of top quarks via′ can be written in the form
where
and
Here A and B denote the incident hadrons and P 1 and P 2 are their four-momenta, while i, j are the initial partons and x 1 and x 2 are their longitudinal momentum fractions. The functions f A i and f B j are the usual parton distributions [15, 16] . Finally, introducing the convenient variable τ = x 1 x 2 and changing independent variables, the total cross section becomes
The quantity dL ij /dτ is the parton luminosity, which is defined to be
SUSY electroweak corrections
The SUSY electroweak corrections of order
W to the process′ → tb arise from the Feynman diagrams shown in Fig.1(b) -(g). The matrix element for these corrections can be written as
where δM 
The renormalization constants and form factors in Eq. (14) are
where sums over i, j, k are implied and the functions c ij (P 4 , P 3 , Mχ+ 
0,1 and constants in the above equations are defined as
where θ q is the mixing angle of squarkq, and
In the above S W ≡ sin θ W and C W ≡ cos θ W . The chargino massesM j and matrix elements V ij depend on parameters M, µ and tan β, whose expressions can be found in Ref. [11] . The neutralino masses Mχ0 
Here the form factors f 
where the form factors f c n are
The sums over i, j, k, l are again implied and the functions D ij (P 4 , P 3 , −P 2 , Mχ+
are the four-point Feynman integrals [17] . The constants L
with
Numerical results and conclusion
In the following we present numerical results for the corrections to the total cross section for single top quark production via′ → tb at the Fermilab Tevatron with √ s = 2 TeV. In our numerical calculations we used the MRSG parton distribution functions [16] and chose the scale µ = √ŝ . Also we neglected SUSY corrections to the parton distribution functions. For the parameters involved, we chose M Z = 91.188GeV, M W = 80.33GeV, M t = 175GeV, M b = 5GeV and α ew = 1/128. Other parameters were determined as follows:
(i) The upper bound on tan β; viz, tan β < 0.52GeV −1 M H + , was determined from data on B → τ νX [18] . The lower limits on tan β are tan β > 0.6 from perturbative bounds [19] and tan β > 0.25 (for M t = 175GeV) from perturbative unitarity [19] . We limited the value of tan β to be in the range of 0.25 to 5, as larger values of tan β are not interesting, although allowed by the current data[18], since the effects are negligibly small.
(ii) For the parameters Mt R , Mt L , tan β and M LR ≡ A t +µ cot β in top squark (stop) mass matrix [20] 
we assumed Mt R = Mt L . There are then three free parameters in the stop sector and we chose the mass of the lighter stop mt 1 , M LR and tan β to be the three independent parameters.
The best current lower bound on the stop mass is 55GeV coming from LEP, operating at √ s = 130 − 140 GeV [21] . We conservatively took the lower bound to be 50 GeV for mt 1 
(iii) For the parameters M, M ′ , µ and tan β in the chargino and neutralino matrix, we put M = 200 GeV, µ = −100 GeV and then used the relation
Some typical numerical calculations of the SUSY electroweak corrections are given in
Figs.2-4. In Fig.4 we present both the SUSY electroweak correction and the Yukawa correction [10] as a function of tan β. For the SUSY electroweak correction we assumed M LR = m t . Since both these corrections are proportional to
, they can be very large for small tan β.
From Fig.4 one sees that the SUSY electroweak correction exceeds -10% for tan β < 0.5, and tends to infinity when tan β tends to zero. As in the case of the Yukawa corrections, the SUSY electroweak corrections are negligibly small for tan β > 1. Also, comparing the SUSY electroweak correction with the Yukawa correction in Fig.4 , one notes that the SUSY electroweak correction and Yukawa correction have opposite signs, and thus cancel to some extent. If the lighter stop quark has the same mass as the charged Higgs boson, the cancellation is appreciable. However, as seen in Fig.4 , if the charged Higgs is much heavier than the lighter stop quark, the magnitude of Yukawa correction is much smaller than the SUSY electroweak correction and there is very little cancellation. In such a case the combined effects can exceed -10% for tan β < 1.
To summarize, the combined effects of SUSY electroweak corrections and the Yukawa corrections can exceed 10% for favorable values of the parameters. Since the cross section for single top production can be reliably predicted in the SM [9] and the statistical error in the measurement of the cross section will be about 6% at a high-luminosity Tevatron [9] , these corrections may be observable; at the least, interesting new constraints on these models can be established. 
